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Gateway Clock Functional View

TOD Test Port PTP and Synchronous
u Ethernet Output Services

GNSS Services (GPS,

Galileo, Glonass ...) o g ¥ - g
) S8 82 85

g =8 » 2

Protocol Services (PTP, g S %J = g =
NTP, DTI ...) = @ ED

[ 1

PHY signals (Sync E, G.703, |
Carriers (xDSL, Radio) Internal Time Transfer
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Gateway Clock- Multiple Control Planes Symmetricom

A gateway clock generates traceable

time and frequency outputs : Automatic Path
*Source for Time Control can be Asymmetry Traceability
different than Frequency Control Jompensation | Control
light touch GNSS
*The frequency control plane Plane
stabilize the local oscillator to
support enhanced time control.
*Frequency and Time control PTP GM-A /
operate simultaneously
Traceability Control mitigates path PTP GM-B Phase/Time
asymmetry Control
* Practical examples of network inputs NTP Plane
are shown. Of course basic operation
with single input is an option. Sync. E /
Frequency
PTP/NTP / Control
Plane
Alternate Carrier /
(Microwave, Macro)
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Why Automatic Path Asymmetry Compensation ?

The fundamental issue of asymmetry is captured in both the original 1588v1 standard (2002) as well
as the subsequent release 1588v2 in 2008.
Excerpts from IEEE 1588-2002
The following assumptions must be met to achieve optimal clock synchronization performance: (6.1.3)
— Network delay between master and slave on a subnet must be symmetric (see 7.8.1.2).

This computation assumes that the path lengths are identical in the two directions. If additional knowledge is available
concerning any possible path asymmetry, this computation shall be corrected so that the value of (one_way_delay) more
accurately represents the time of propagation of a Sync message from the master to the slave clock. (7.8.1.2)

» Section 6.2 Principle assumptions about the network and implementation recommendations

Like all message-based time transfer protocols, PTP time accuracy is degraded by asymmetry in the paths taken by event
messages; see 7.4.2. Specifically the time offset error is 1/2 of the asymmetry. (6.2)

Asymmetry is not detectable by PTP; however, if known, PTP corrects for asymmetry. (6.2)

Asymmetry can be introduced in the physical layer, e.g., via transmission media asymmetry, by bridges and routers, and in large
systems by the forward and reverse paths traversed by event messages taking different routes through the network. Systems
should be configured and components selected to minimize these effects guided by the required timing accuracy. In single subnet
systems with distances of a few meters, asymmetry is not usually a concern for time accuracies above a few 10s of ns. (6.2)
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Why Automatic Path Asymmetry Compensation ?

Excerpts from IEEE 1588-2008
Excerpt from IEEE 1588-2008 Section 6.6.3 Synchronizing ordinary and boundary clocks

The computation of offset and propagation time assumes that the master-to-slave and slave-to-master propagation times are
equal. Any asymmetry in propagation time introduces an error in the computed value of the clock offset. The computed mean
propagation time differs from the actual propagation times due to the asymmetry. (6.6.3)

Asymmetry effects are not limited to delay mechanisms only on the switches and routers asymmetry will be introduced in the
physical layer.

Any asymmetry in the propagation times t-ms and t-sm introduces an error into the computed value of the link delay. (6.6.4)

The overarching issue of asymmetry is the focus of the next section. It defines a correction term (delay_asymmetry) with the
conclusion that measuring this term is beyond the scope of the IEEE 1588 standard.

Messages from master to slave and slave to master shall traverse the same network path in any system containing two-step
clocks on such paths. Messages from requestor to responder and from responder to requestor shall traverse the same network
path in any system containing two-step clocks on such paths. They should traverse the same path in all systems to minimize

asymmetry.

The measurement of delay_asymmetry is out of scope of this standard. (7.4.2)



Limits of asymmetry error

Case A: Long Forward Path and Short
Reverse Path. Under Estimate
Forward Delay using (Round-Trip-
Delay/2). Worse Case Slave Time
behind Master by (RTD/2)

Master

2

Symmetricomr

Case B : Short Forward Path and
Long Reverse Path. Over Estimate
Forward Delay using (Round-Trip-
Delay/2). Worse Case Slave Time
ahead Master by (RTD/2)

Master

o

Note: Asymmetry Error directly proportional to Round Trip Delay
Delivery Time Traceability limited by Round Trip Delay
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GNSS Automatic Antenna Cable Delay =2
Calibration ’

Delts-T v ame Poto "\ |

""?%, Rooftop
125- | | | | | | GNSS
s | , . | . , | .

S : , | , | : i | Two Way Time
425- » , , ‘ < Transfer (DTI
e : | | | i | over coax)

Cable Delay Bias Mitigation Test Results (200ft
and 700ft cable swap)

Base Unit




GNSS (GPS L1) Antenna Group Delay Bias

Effects

Symmetricomr

Symmefricom TimeMonitor Analyzer
Phase deviation in units of ime: Fs=497.3 mHz; Fo=1.0000000 Hz: 2013/01/22; 09:29:43

1 (blue): SR 620 Test 84: 1PPS Ref. 1PPS TimeSource;
2 (red): SR B20; Test:

42.0
nsec

7.00
nsecidn

-35.0
nsec

Bias Skew when interchanging GPS Antenna

10.1.0.44; Samples: 8516: Gate: 2 s: Ref chl: TIfTime Data Onhky: T11-22;. GP
85; 1PPS Ref. 1PPS TimeSource: 10.1.0.42: Samples: 8516; Gate: 2 s Ref ch1: TlfTime Data Only; T11-»2: GPS

s ‘w’“ﬁﬂj s 5

20.0 minutes/div 4756
hours



“Rooftop” GPS with and Two 10 MHz Physical ——

. Symmetricom
References Simultaneously

Gateway Clock Operating for 44 days in 3" party test with:

1) Rooftop L1 only GPS only with automatic cable compensation

2) Two 10 MHz references from local cesium references
Symmetricom TimeMonitor Analyzer
Gateway Clock with Dual Cesium and Local GPS with respect to UTC; *06.09.2013 09:20:41%;

100 TOD Test Port

nse .

100 E g = Eg
nsecfdiv

i
| | ‘erna Time Transfer
;.“LU': So0e 00 doveran ' 2456
days 00 days/div days G 10 MHz

P REF.A/B

1 PPS Time Error with respect to UTC S



“Light Touch GPS” Key Operating Metrics R ——
mmecwricom’
(no requirement to install antenna on roof) ’

Tracking Density
1.0E+00 Tracking Density:
988011 Rolling average percentage of one
9.0E01 s AM //«/ / JA/‘/ second updates with acceptabl
8.56-01 f P ptable
8.0E01 - h / J GPS operational statistics
7.5E-01 +
7.0E-01 |
6.5€-01 -
6.0E-01
5.5E-01 -
5.0E-01 +
’ 0 500 1000 1500 2000 AVg Sats TraCked
5.00E+00
4.50E+00 -
400400 - fA
3.50E400 f
Average Sats Tracked: ;zgi'gg
Rollin.g average number useful O i
satellites tracked LSOEH0
1.00E+00
5.00E-01 -
0.00E+00 -
0 500 1000 1500 2000 2500 3000

First Floor Symmetricom San Jose 5 feet inside Exterior Wall
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“Light Touch GPS” Key Operating Metrics Symmetricom

Outage PDF

09 -
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0.7
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0.3
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o —

-

0 200 400 600 800 1000
Outage Duration (seconds)

Pseudo Range Residual Dispersion:
With Receiver operation in fixed position
mode with an external traceable
frequency reference the dispersion is the
absolute residual time error of the current
time/position state.

Outage PDF:

The probability distribution function
showing the duration of an outage

event in the operation environment

Dispersion ns

3500

3000 -

2500 -

- N
wn o
o o
o (#)

1000 -~

500 -

PRR Dispersion 64s update

500 1000 1500 2000 2500 3000
Time (Minutes)

First Floor Symmetricom San Jose 5 feet inside Exterior Wall



“Light Touch” GPS Indoor Operation Results Symmetricom

L Symmetricom TimeMonitor Anatyzer  Phase Deviation versus time (file-0005%liv_T53550.dat)

He (R 2ho Masre Vew Ovwly Rundsies Lpdee b TOD Test Port
Zoom | F cllset MJ R.c Inegiol | Ok liack | “Scale | NaMest] m
Full | Fdit | 1 Update | Hio | Clew | Save | -
Phandewd:nnwcdho Fae333.3 mHz; Foul 0000000 Nz “10/2772013 524.04 PM*;
SR B620; Tost: 59 TSI550 pps agsl. Cos Tpps. ono aol. RO +G. Saaples: 16918 Gate: 33 Retchl: T1/Twne Data Ondg: 7114
mmsnnlmms
~ [ 17110 W N O O TR L (O O T A Indoor GPS Only 25 | %5 25
/ ; MM AN TR SRR R Y 0 T o ® B 23
L : 1 ——) 25 ([ §S g2
..... CREREED, | I S NisSsrusay = 5 =z k%) g R7%]
[] =) =ial
’J."\ .; ....... E ............... :
ﬂlfm ; - 9 ||
Internal Time Transfer
: : ; \ : B2 Symmetricom TimcMonitor Analyzer  MTIE (file~000591iv_153550. dat)
---.-'.:---'-“:4-'-.-..: ------- f....u.:,.. . j ./.. ......l,,,..4,.:.......:,.,.....: ----- ; ....... : & E‘ w Ma w w M
7 ' . H ' : : . : H ' ' ' H Zoom | 0l etilt | ntegial | oiJ"‘}s‘*l"""‘l
;2 m 1.00 hosus/div ::"'? Fdh r'-'. Gl o] Update |[CLeadl] o0 | Clea | Save |
WATS4000\TESTING\WINDOWANT _TESTS_START_G91213\1027-10281 \SNAPSHOT_1028_730A\D00SILIV_T53550 DAT ~ ne;ro-mt'n m,—n-nm; 1002772013 5:24:04 PM*;
No Htes solecled SR 620; Tost S9; T53550 pps sys): Cos 1pps; omo ant. RO +6G; Samgles: 16918. Gato: 33. Aol chl: T1/Time Dato Ondy. T1 14
Fo « 1.00000000000000 Hz N = 16318 Moan=-999 9951 mzec  Nedians=-993 9991 msuc mlwnn.lwl"l!
Yeere 08 81503930209 ntee  Ymax«69 76295672432 nvee  Ymax Yain=158.0779960264 nrec o
100
- - niee
Light Touch GNSS Algorithm
dynamically weights time/frequency w“
. . nsec
state estimates to achieve robust
performance even in degraded ‘
- . niec
receptlon environment
prec 10.00 100.0 1000 Jo.00
sec eC soc oc
MTIE: No filtes is currently ensbled (100 “Measwe/Niew Setup” on the Sotup Menu). ~
No lilter selectnd
Fo = 1.00000000000000 Hz N - 16918
Press SHIFT Zoom 10 compute individual MTIE points <
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Using GPS/GNSS to Learn PTP Asymmetries Symmetricom

Symmetricom TimeMonitor Analyzer
Phase deviation in units of time; Fs=4399.8 mHz; Fo=1.0000000 Hz; 2010/09/29; 16:17:18

H H 1 [blue): HP 53132A; Test: 4477; U19616; 2048; 2.1.1t no asymm; Samples: 29160; Gate: 2 s; Hef ch1; T1/Time Data Only; TI
[ ]
Asym mEtry correCtlon Algorlthm 25!:]&3]: HP 53132A; Test: 4478; TO1701; 2048; 2.1.1_ib: Samples: 29160; Gate: 2 s; Refchl; TI/Time Data Only; Tl 1-»2; Cl

supplies external correction factor
defined in 1588 standard.

e Algorithm learns asymmetries to
prevent in-accurate time output 600

usec/div

* Traceability Control Plane allows for
intermittent poor reception
operation including jamming

(“light touch GNSS”)

usec 000 2.00 hours/div je.21
Path Signature Asymmetry Performance on Customer Network test
Bias (ns) environment:
Round Trip Observed Secondary
Delay Bias Path .
e BLUE: PPS Performance without
Path Signature A AAA A Asymmetry correction.
Path Signature B BBB.B RED: PPS Performance with Asymmetry

Path Signature C CCC.C correction.



Automatic Path Delay Compensation Long —
Symmetricom
Term (45 days)

158

ia8 -

58
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—=a §-

AR AR (IR

=188 [

—-158 L L
a 288 488 6868 fiTal:] 1808

» Performance based on playback of Customer Network captured packet
delay variation including rearrangement transients.

* PTP over Ethernet over SDH (2 rings Ring 1 16 nodes , Ring 2 4 nodes)
90 path rearrangement events during test.

*Accuracy better than125ns after warm up.



Automatic Path Delay Compensation Learning

Behavior

Time Error ns

-35000

5000
0 e
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Residual Time Error ns

Symmetricomr

=== No Asymmetry Correction

= Asymmetry Corrected
crossover cable

= Asymmetry Corrected 10
Hops Medium Load (40%)
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The Bottom Line ... Symmetricom

* Automatic Network Asymmetry correction can be accomplished
with “Light Touch GNSS” without the need for rooftop
installation.

* GNSS option provides operators required flexibility to provide
needed timing services at the edge as PTP matures by allowing
alternative frequency sources (Sync E, Macro Sniff).

* GNSS operation can be effectively managed with the use of GNSS
metrics
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